Methodology

» Probability model with covariates

— lognormal distribution with mean of
In’s a function of
e region,
« source type (sw vs. gw), and
 size of utility (population served)

— constant variance of In’s
e Bayesian methodology

— prior distribution for model parameters

— posterior distribution computed using
Markov Chain Monte Carlo IMCMC)

« necessitated by model complexity
and BDL data
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MODEL SPECIFICATION

Yij = pi + Bzij + 79i5 + €

Y;; is the natural logarithm of arsenic

th

concentration in pg/L at j** source in i*" region

h

u; is a constant for i*" region, where ¢ ranges over

the seven geographical regions specified in NAOS

z;; is the natural logarithm of the population

h

served by 7" source in i*" region (an indicator of

the size and flow rate of the utility source)

h

g;; is 0 if 5% source in ¢** region is a surface water

source and 1 if it is a ground water source

€;; represents those sources of random variation

h

present at the 5" source in *" region but not

captured by the covariates in the model.

H-48



v.

L]

E2E US geographic regions based on arsenic NOFs

3 e eas
s
e e
Erti e (rinep ]
T A T S e
T A~

\(owce-' Freq sad Ea?uafo!f/ (4491

H-49



DISTRIBUTIONAL ASSUMPTIONS

In the model
Yij = pi + BTij + 7955 + €
it is assumed that
ei; ~ N(0,02) Vi, j
i~ N, ™) i=1,...,T

That is, u; are sampled from a parent normal
distribution (hierarchical model).

The normality assumption of €;; implies that
conditional on all parameters,

Y;j ~ N(ui + Bz +79ij,07)
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BAYESIAN METHODOLOGY

Probability model:

X ~ fxje(z|0)

where O are parameters © ~ fg(6)

Begin with prior distribution f3(6)

Observe sample X

:ms

Compute posterior distribution

foix (0]%)

_ fx1e(Z10) f3(6)
Jo fx10(Z|0) f(6)d6
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PRIOR DISTRIBUTIONS

Without substéantive prior knowledge about parameters
of hierarchical model, our priors were diffuse:

% ~ N(0,3%
B~ N(0,10%)
v ~ N(0,10%)
log(c?) ~ N(0,10%)
log(t?) ~ N(0,10%)

These parameters are assumed independent a priort,
but are dependent in the posterior.
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POSTERIOR ESTIMATES

Parameter | P.M. | P.S.D.
1 -3.13 |  0.65
142 -3.50 0.61
43 -3.62 0.61
Lba -1.76 0.57
L45 -1.84 0.59
7P -1.04 0.66
47 -1.41 0.62
o? 2.23 0.21

-2.27 0.74
T2 1.76 1.76
B 0.21 0.05
v 0.14 0.19
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Figure 2: Scatterplot of v versus § from a sample of size 30000 from the joint posterior
distribution.
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